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ABSTRACT 
 
 We intended to assess the toxicity and evaluate the toxicity of the ZnO nanoparticles by examining them on 
bacteria of wastewater sludge. The results of this study can justify the use of nanoparticles as antimicrobial 
agents.The stock solution of  10 g/L of these nanoparticles were diluted by the Mueller Hinton Agar culture and 
5  to 6000 mg/L concentrations were created. and purified bacteria were cultivated on them. Then the percentage 
of growth prohibiting was determined by comparing the samples including nanoparticles and  control samples. 
Half maximal effective concentration (EC50), NOEC and the concentration with 100% growth prohibition was 
determined.The EC50 of ZnO nanoparticles for E. Coli, Bacillus Subtilis, Staphylococcus Aureus and 
Pseudomonas Aeruginosa were respectively 181.7, 656.4, 93.9 and 935.8 mg/L. Staphylococcus Aureus had a 
high sensitivity to ZnO nanoparticles and can be used as a parameter in the biological tests for the effect of 
nanoparticles on bacteria. Also the ZnO nanoparticles had a high toxicity and even the least amount (at 2813 
mg/L ) could stop the growth of all bacteria.This nanoparticle can probably be used for hygienic and water 
treatment purposes and for protecting food from contamination. 
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Introduction 
 
 Different organisms and species can be used to 
determine the toxicity of chemicals. However 
researchers have always tried to determine the most 
sensitive organism and use it in these studies. By 
using these sensitive organisms we can generalize the 
results by means of a certainty score to other 
organisms such as human beings. Among the 
different organisms, bacteria are distributed widely 
and their culture is easy which makes them 
appropriate organisms to study. Their wide spread in 
the environment, makes the results of these studies 
more practical in real environments. On the side, 
these organisms in contrary to algaes, nematodes and 
crustaceans which are among the most used 
organisms in determining toxicity [8,10,20,19], do 
not need a aqueous environment and can grow in 
solid environments and with low humidity. Therefore 
they are appropriate organism to determine toxicity. 
On the other side, the ZnO nanoparticles are among 
the most used nanoparticles which are produced at 
industrial scale. The ZnO nanoparticles are used in 
antisolar creams, pigments, electricity cables, tiles 
and etc [1]. Although the benefits of nanoparticles 
are undeniable, we should keep in mind that the wide 

use of these chemicals leads to the entry of millions 
of tons of nanoparticles to the environment, water 
reservoirs and the food chain [9]. Therefore, in order 
to prevent the negative consequences, it is necessary 
to evaluate all aspects including the toxicity of 
chemicals entering the environment. Studies About 
the toxicity of nanoparticles have been conducted 
that illuminate the possible danger of these particles 
for humans and the environment [12,3,4,13]. 
However, most of the studies that have evaluated the 
toxicity of metal oxide nanoparicles have been 
conducted on eukaryotes and multicellular organisms 
and especially cancer cells and few studies have 
evaluated their effects on bacteria. In this regard 
Block et al who have studied the anti bacterial effects 
of UV and TiO2 nanoparticles in aqueous 
environments, reported that the 1% TiO2 nanoparticle 
solution was the best concentration for eliminating 
bacteria and concentrations 10 times this amount had 
less effect [5]. In another study conducted in 2007 by 
Brayner et al the toxicity of ZnO nanoparticles was 
evaluated by bacteria [6]. in this study the 
nanoparticles had a significant prohibiting effect on 
the growth of E.coli in 3 mmol concentrations. Also 
it was found that the ZnO nanoparticles had more 
antibacterial effect on Bacillus Subtilis in comparison 
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to E. coli [16]. In this study the minimum growth 
prohibiting effect for Bacillus Subtilis was 2000 to 
12500 ppm and for E. Coli  it was 50000 to 100000 
ppm according to the size of nanoparticles. Limited 
studies have been done about the effect of 
nanoparticles on bacteria in aqueous environments. 
However, according to previous research it has been 
shown that the diameter of the nanoparticle in 
aqueous environment increases due to their 
absorbing characteristics and their contact with each 
other [4,14]. On the other side the diameters of 
nanoparticles is effective in the penetration rate of 
the particles into the bacteria and therefore are 
effective on their toxicity [4,17]. Therefore one of 
the problems encountered in nanoparticle studies 
evaluating their toxicity characteristics is that they 
accumulate and sediment and this leads to little 
confrontation of the bacteria with nanoparticles and 
therefore decreased toxicity. According to this, it is 
necessary to determine the toxicity of these materials 
in solid environments as well. On the other side, 
comparing previous research about the toxicity of 
nanoparticles that have been done on one bacteria 
show that the results of these studies are very 
different from each other and this difference is 
mainly due to the experimental condition and the 
genetic difference in the bacteria under study and 
also the characteristics of the chemicals and the 
culture environments [1,13]. Therefore in order to 
better compare and determine the best organism for 
evaluating the toxicity of nanoparticles it is better to 
evaluate all of the  organisms simultaneously in one 
study, to minimize the effect of these parameters. 
Meanwhile most of the studies have been alone on 
one bacterium or in aqueous environments [6,15,11]. 
Also in previous research the EC50 (the concentration 
of chemicals that kills 50% of the population under 
experiment) has not been clearly determined and this 
fact has led to difficult comparisons. Therefore this 
research is the first comprehensive study that 
evaluates the effect of ZnO on four types of bacteria 
which are E. coli, S. Aureus, P. Aeruginosa and 
Bacillus Subtilis, in order to determine the most 
appropriate organism for using in these experiments 
and to evaluate the toxicity of these nanoparticles. 
Also determining the 100% growth prohibiting effect 
of the ZnO nanoparticle in this study can led to more 
illimination on the anti bacterial effect of these 
nanoparticles, which has been shown that in 
comparison to organic material and minerals have 
more stability in high pressure and temperature [11]. 
Therefore the results of this research can help justify  
the wide use of these nanoparticles as antibacterial, 
hygienic and therapeutic agents. 
 
Materials and Methods 
 
 The ZnO nanoparticles had a diameter of 20 nm, 
a purity of 99% and specific surface of 90 m2/g and 
were supplied by the Merck Company, Germany. 

Stock solutions (10 g/L) of the nanoparticles were 
prepared and then in order to prevent accumulation 
and create an even solution, they were left for 30 
minutes in a sonicator machine. According to the 
Book of Standard Methods [2], for determining the 
EC50 at least 5 concentrations of the solutions 
underexpriment is needed, but in this study according 
to the results of previous studies and in order to 
increase accuracy, the growth prohibition rate was 
evaluated in 14 concentrations and in the range of 5 
to 6000 mg/L. 
 In order to prepare these concentrations the 
stock nanoparticle concentrations were diluted using 
the Mueller Hinton Agar culture. Then after 
preparing these concentrations in lidded 
experimented tubes and before pouring them into 
petri dishes, the culture environment was autoclaved. 
After putting them in petri dishes, bacteria were 
cultured on them and the percent of growth 
prohibition was compared with the control dishes. In 
order to create more practical results, and evaluate 
the anti bacterial effects of these nanoparticles in 
solid environments and waste water sludge, samples 
of bacteria from the sludge of the Kerman Waste-
water Plant were taken. For this experiment samples 
of sludge were cultivated on the Nutrient Agar 
environment. This culture was incubated for 24 to 48 
hours in 37 °C to allow bacteria to breed and create 
colonies. The type of bacteria grown was isolated 
and determined by biochemical tests at the 
Microbiology Lab of the School of Public Health at 
Kerman Medical University. After the isolated 
bacteria were re-cultivated, they were used in 
toxicity experiments. The number of inoculated 
bacteria in each plate was 200 CFU. The test was 
done 3 times in each concentration and the average 
was taken as the growth prohibition rate in each 
concentration. The results were analyzed by Probit 
analysis and in SPSS16 Software. Probit analysis is a 
type of regression used to analyze binomial response 
variables which transforms the sigmoid dose-
response curve to a straight line that can then be 
analyzed by regression [19]. The results of this 
analysis were used to draw the dose response figures. 
The NOEC concentration was also determined by 
Probit analysis. According to this, the concentration 
in which the growth prohibition effect of the bacteria 
was less than 10% was determined as NOEC. 
 
Results: 
 
 The results of determining the frequent species 
of bacteria in Kerman's wastewater sludge showed 
that 4 species of bacteria including E. Coli, S. 
Aureus, P. Aeruginosa, B. Subtilis are prevalent in 
wastewater sludge. Therefore the experiments were 
conducted using these bacteria. The summary of 
Probit analysis has been shown in table 1-3 and 
figure 1.  
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Fig. 1: The dose - response diagram of different bacteria in different concentrations of the ZnO nanoparticles. 
 
Table 1: The EC50 of ZnO Nanoparticles by Using Different Bacteria. 

Bacteria EC50 (mg/L) Lower limit of  EC50 Upper limit of  EC50 
E. Coli 

S. Aureus 
P. Aeruginosa 

B. Subtilis 

181.7 
93.9 

935.8 
656.4 

141.6 
48.6 

701.4 
536.6 

232.4 
146.9 

1205.3 
780.8 

 
Table 2: The NOEC of ZnO Nanoparticles by Using Different Bacteria. 

Bacteria NOEC (mg/L) Lower limit of  NOEC Upper limit of  NOEC 
E. Coli 

S. Aureus 
P. Aeruginosa 

B. Subtilis 

0 
0 
0 
0 

-91.9 
-185.9 
-669.8 
-364.4 

35.5 
3.8 

214.4 
65.7 

 
 According to table 3 the amount of 100% growth 
prohibition of the ZnO nanoparticles by using P. 
Aeruginosa, B. Subtilis,  E. Coli, S. Aureus was 
2813.0, 2044.0, 536.4, 359.5.  These results show 

that the maximums concentration of ZnO for 100% 
growth elimination is required for P. Aeruginosa and 
the minimum is required for S. Aureus. 

 
Table 3: The 100% Growth Prohibition Effect of  ZnO for Different Bacteria. 

Bacteria 100% Growth prohibition 
(mg/L) 

Lower limit of  100% growth 
prohibition(mg/L) 

Upper limit of  100% growth 
prohibition(mg/L) 

E. Coli 
S. Aureus 

P. Aeruginosa 
B. Subtilis 

536.4 
359.9 

2813.0 
2044.0 

435.5 
263.0 

2254.4 
1755.4 

719.8 
617.9 

3940.2 
2495.4 

 

Discussion: 
 
 According to the results, the minimum amount 
of EC50 (93.9 mg/L) for ZnO nanoparticles was for 
Staphylococcus Aureus and the maximum (935.8 
mg/L) was determined by P. Aeruginosa. The two 
other bacteria E. Coli (181.7 mg/L) and Bacillus 
Subtilis (656.4 mg/L) had a EC50 that was in 
between. The NOEC was zero for all four bacteria. 
However the maximum and minimum NOEC for 
each species was specific and different from other 
species. According to figure 1, there is a significant 
relation between the concentration of ZnO 
nanoparticles and the toxicity of these chemicals, and 
as their concentration increases, the toxicity of these 
chemicals also increases. In this case the Pearson's 

correlation was always more than 0.98 and the P-
value was less than 0.05. 
 In order to determine bio-indicators it is 
necessary to choose organisms among species which 
are prevalent in the environment and their cultivation 
and growth is feasible. This study showed that 4 
bacterial species including E coli, S. Aureus, P. 
Aeroginosa and B. Subtilis are prevalent in 
wastewater sludge and their growth and cultivation is 
easy. Therefore they are appropriate bio-indicators 
for determining the toxicity of nanoparticles. 
According to our results different bacteria respond 
differently to a specific nanoparticle in similar 
concentrations and conditions. By determining EC50 
we found out that S. Aureus is the most sensitive and 
P. Aeroginosa is the most resistant bacteria to ZnO 
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nanoparticles. Therefore in sensitivity determining 
experiments, among the four bacteria under study S. 
Aureus was the most appropriate bacteria. Since in 
these experiments the data generated by an organism 
is appropriate which has a high sensitivity and 
therefore a high certainty score. According to this it 
is obvious that the 3 other bacteria species should not 
be recommended. Of course for practical anti-
bacterial experiments of nanoparticles, the P. 
Aeroginosa bacteria is an appropriate biological 
indicator, because it has high resistancy and total 
elimination of this bacteria means that the weaker 
and more sensitive bacteria will already be 
eliminated. According to this, the results from 100% 
elimination showed that in solid environments when 
the 4 species E coli, S. Aureus, P. Aeroginosa and B. 
Subtilis are present, 2044 mg/L of the ZnO 
nanoparticle can eliminate all 4 species completely. 
In this regard, there has not been a comprehension 
study for determining EC50 by several bacteria and in 
solid environment, but a study Adams et al [1] 
showed that the growth prohibiting concentration of 
48% of the E. Coli species was 1000 ppm of ZnO 
nanoparticles. However in the present study this 
amount was calculated to be 181.7 mg/l. This big 
different in the results of these two studies was 
mainly because of difference in the kind of 
nanoparticles and the experimental methods. In a 
study done by Adams et al, in addition to the fact that 
the diameter of the nanoparticle used was much more 
than the nanoparticles used in our study, the 
experiments were done in a mixed liquid 
environment. In experiments done in liquid 
environments on bacteria, in order to prevent the 
sediment of nanoparticles, solutions are mixed, but 
this mixing leads to the accumulation of 
nanoparticles and therefore increase in their diameter 
[18]. Increase in diameter on the other side leads to 
less penetration of these chemicals into the cells and 
organisms, and therefore the real toxicity of these 
chemicals will be underestimated. This fact can be 
the main reason for the wide growth prohibiting 
concentrations in Adams et al's experiments in 
comparison to our research. In Adams et al's study 
the concentrations were 10 ppm with 14% 
prohibiting to 1000 ppm with 50% prohibiting. 
Meanwhile, in the present study using E. coli showed 
that the concentration range for 50% elimination and 
NOEC is between zero to 181.7 mg/L. As it was 
shown before in the different methods for 
determining the toxicity of a chemical, the test that 
shows more toxicity has a higher confidence score, 
therefore we suggest that for nanoparticle 
experiments a simultaneous experiment in which a 
non-aqueous solution is used be conducted (as was 
done in this study) to better illuminate the potential 
toxic effects of nanoparticles. In this study, the 
NOEC rate for all four bacteria was zero and this 
means that the least concentration of ZnO 
nanoparticles is toxic for all four species of E coli, S. 

Aureus, P. Aeroginosa and B. Subtilis. It is worth 
mentioning that the concentrations under experiment 
which were less than 0.05 mg/L did not cause any 
growth reduction in any of the bacterial species (the 
results have not been shown), but according to the 
Probit analysis this rate was estimated zero and 
because NOEC results are mainly used for toxicity 
determination (and not anti bacterial use), this 
difference in the results of real concentration and the 
Probit analysis results show increase in the 
confidence score of Probit analysis for analysis of the 
results related to chemical toxicity. In other words 
this different shows that Probit analysis estimates 
NOEC with a higher confidence score in comparison 
to the real situation and this is one of the pros of 
using this test in the analysis of the results. 
 
Conclusion: 
 
 This study showed that the four species of E 
coli, S. Aureus, P. Aeroginosa and B. Subtilis have a 
high prevalence in wastewater sludge, and can act as 
appropriate biomarkers. S. Aureus is appropriate in 
determining the toxicity of nanoparticles and P. 
Aeroginosa is appropriate in determining the 
antibacterial characteristics. However, it is obviously 
necessary to examine other bacteria species which 
might be prevalent in other environments in order to 
complete the results of this study in determining 
biological markers. Although the results showed that 
ZnO nanoparticles can be used potentially in 
wastewater sludge as antibacterial agents, but the 
practical application of these chemicals and their 
isolation after use in sludge and preventing the entry 
these chemical into the environment has to be 
evaluated. The resulted showed that different bacteria 
respond differently  to similar concentrations of ZnO. 
By more accurately determining these concentrations 
for each bacteria species, we can use them 
extensively for hygienic. therapeutic and 
experimental purposes. 
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